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MULTIPLE ANTIGEN PEPTIDE SYSTEM HAVING ADJUVANT PROPERTIES AND VACCINES 

PREPARED THEREFROM. 

5 BACKGROTIW D OP THR TNVFNTTnKr 

The present invention relates generally to the field of immunology, and 
particulariy to the preparation and administration of vaccines for prevention and 
treatmrat disease states such as HTV infection. 

10 

The present invention was made with partial assistance from Grant No. A128701. 
The Government may have cntain rights in the invention. 

Highly specific and immunogenic antigens are preferred as vaccines. While die 
15 immunogenicity of an antigrai can be increased by coupling a protein carrier to the 
antigen, tiiis approach has several drawbacks. First, if tiie carrier is large, 
significant humoral immune response can be directed against the carrier rather 
than the antigen. Second, a laige carrier can suppress humoral response to tiie 
antigen. Finally, the coupling of an antigen to a protein carrier can alter tiie 
20 immunogenic determinants of the antigen . 

Multiple antigen peptide systems (MAPS) are designed to overcome the problems 
observed wifli conventional protein carriers. Most MAPS are composed of several 
peptide antigens covalentiy linlced to a branching, dendritic core composed of 

25 bifunctional units (e.g., lysines). Thus, a cluster of antigenic epitopes form the 
surface of a MAPS and a small matrix forms its core. As a result, the core is not 
immunogenic. MAPS have been used to prq>are experimental vaccines against 
h^titis (Tam et al., Proc. Natl. Acad. ScL USA 86:9084, 1989), malaria (Tam 
et al., J. Exp. Med. 171:299, 1990), and foot-and-moufli disease. A further 

30 advantage of MAPS is tiiat tiiey are chemically unambiguous. This allows 

different epitopes, such as B cell and T cell epitopes, to be arranged in a particular 
arrangement and stoichiometry. 
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Specific MAPS have been and are in de/elopment for use in immunization against 
mv. For »cample^ European Patent Publication No. 0 339 695 published 11 
Febiuaiy 1989 describes a process for preparing MAPS by reacting a branched 
structure based on an amino add such as lysine vdth a sq>arately synthesized 
5 antigenic compound. 

Biropean Patent Publication No. 0 32S 403, published 16 August 1989 describes 
particular pq)tides that are specifically immunoreactive with antibodies to HIV and 
suggests that MAPS whkh inchide these peptides can be used for immunization to 
10 prevent mv infection. 

Hart et al. (/. Immunol ^ lASiTSTT^ 1990) report that a synthetic peptide construct 
which iuidudes amino adds 428-443 and 303-321 of HIV-I-III, envdqpe protein 
gpI20» when used as a canio^fiee immunogen in primates, can induce a high titer 
15 of neutcalmng anti-'HIV antibodies and can induce T cdl proliferative response 
against native HIV-l ^120. 

Palker et al. (Immunology 142:3612, 1989) describes the use of a 16 amino acid T 
cell epitope from HIV-l -IIIB fused to a synthetic peptide which includes a 
20 type-specific neutralizing determinant of a particular HIV-l strain (III. 1 MN or 
SF) to immunize goats. Both T cells and B cells respondied to epitopes within the 
type-specific neutrali^g det^minant 

PCX Application Publication No. WO 90/11778 published 18 October 1990 
25 disdoses multiple antigen peptide systons in wluch a large number of each of T 
cdl and B ceU malarial antigens are bound to the functional groups of a dendritic 
core molecule. 

In Copending U.S. Application Serial No. 07/744,281 by Tarn et al., a particular 
30 multiple antigen peptide is prqiared for use as a vaccine for the treatment of HIV 
infection that mcorporates particular pq}tides derived fix)m the HiV-I IHb envdope 
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protein as wdl as the V3 loop of the gpl20 protein of HIV 1-MN. This peptide 
system demonstrates the (^ability of generating a humoral response and the 
development of antibodies, and seeks to elicit a T cell response by the inclusion of 
a T cell epitope. Hie in vzvo administration of this peptide requires the inclusion 
5 of an adjuvant as a means of enhancing the humoral response. 



More generally, most vacdne strategy developed today prticularly against human 
immunodeficiency virus (HIV) infection has been directed toward the humoral 
response of generating neuti-alizing antibodies. Recent advances in mapping 
10 antigens involved in immune responses have allowed detailed characterization of 
epitopes that confer neutralizing, T-helper and T-cytotoxic responses. Hiese 
developments have led to consideration of including the T-cytotoxic response along 
witii humoral immunity in the design of peptide-based vaccines. 

15 As noted above and dsewhere, traditional methods for preparing peptide vacdnes 
that present p^tides as macromolecules through conjugation to protdn carriers or 
polymerization are often unable to induce cytotoxic T lymphocytes (CTL) response 
in ^nvo. Use of an adjuvant in the immunizing protocol has the advantage of 
enhandng tiie humoral response but has mixed results in priming specific CTL 

20 response. Furthomore, the most popular adjuvant used in laboratory animals, 
such as Freund's complete adjuvant, is too toxic and unacceptable for humans. 
Ideally, protection against viral infection is best provided by both humoral and 
cell-mediated immunities, induding long-term memory and cytotoxic T cells. 

25 Spedfically, the human immunodefidency virus (HIV), the etiologic agent of the 
acquired immunodefidency syndrom (AIDS), has become an important objective 
for various vacdne devdopments. The predominant vacdne strategy has focused 
on the use of the envdope protdn antigens gpl20 and gpl60 of HIV-1 produced 
by the recombinant DNA technology. However, tiie full promise of their use in 

30 vacdnes will not be realized unless tiiey are administered along witii an effective 
adjuvant. 
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An acguvant is usually a non-toxic agent that provokes specific responses to 
antigens. There is a m3& spectrum of mechanisms by which an adjuvant 
functions. It can function by creating a depot at the site of injection that prolongs 
the release of antigois with antigen-presenting ceUs. It may also function by 
5 activating macrophages ta release cytokines and mediators which in turn activate 
rffector T cells or antibody-forming B cdls. The net result is tiiat an adjuvant 
augments spedfic humoral and cell-mediated immunities with a lower dose of 
antigen required. 

10 Many seemingly unrelated agoits have been used as adjuvants and the commonly 
used adjuvants can be broadly categorized into four groups. The first, and the 
only dinically acceptable group, belongs to the gels of aluminium (e.g. alum) and 
calcium salts. However, alum is a weak adjuvant and its formulation in laboratory 
tests of mV and SIV antigens has been found to be inadequate. The second, and 

15 pcofaaps the most potoit group, includes pure compounds and undefined mixtures 
derived finm mycobacterial cell walls. Mixtures such as Freund*s complete 
adjuvant (FCA) and lipopolysaccharides (LPS) are the best known examples. 
However, FCA and IPS produce side effects. They are pyrogenic and induce 
arthritis in rats and anterior uveitis in rabbits. 

20 

A need therefore exists for the development of a vaccine formulation that offers 
improved immuni^ in both categories while avoiding the drawbacks of traditional 
adjuvant matraials. 

25 SUMMARY OF THE INVENTION 

In accordance with the invention, a multiple antigenic peptide system is disclosed 
that comprises a dendritic core and at least one pq)tide and a lipophilic membrane 
anchoring moie^ attached tiieretb, wherdn the tiie multiple antigen peptide 
30 system, wh»t injected into a mammal, is capable of eliciting a full immune 
response including both humoral and cytotoxic T cdl responses. 
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More particularly, a synthetic peptide-based vaccine may be prepared from the 
present peptide antigai syst«n, that is effective in providing both humoral and 
ceU-mediated immunities, and is safe in its exclusion of Freund's complete 
adjuvant. The presoit invention employs a macromolecular assemblage prindple 
5 that allows amplification of pqjtide antigens to a macromolecule. The resulting 
macromolecule bears the immunotogical mimicry of the external-surface coat 
protein of a pathogen. 

The lipophilic anchoring moiety useful in the present invention may comprise a 
10 lipoamino acid, liposomes, saponin derivatives alone or in admixture with 

cholesterol, and suitable surfactant materials such as the Pluronics comprising a 
mixture of long chain polyoxyethylenes and polyoxypropylenes. Particularly, a 
long side chain bearing amino acid such as tripalmitoyl-S-glyceryl cystdne (P3C) 
has beai determined to be suitable. Analogs of P3C such as P2C and materials 
15 prqared from serine and lysine, the latter exemplified by palmitoyl lysine, as well 
as cysteine are likewise included herein. 

The antigen system of the present invention is versatile, as the exponential 
magnification possible by the preparation of multiple antigens facilitates the 
20 presentation of multiple and different such antigens, so that immunization for 
several different and distinct infective stimuli is possible. For example, a single 
vaccine prepared in accordance herewith may present antigens for HIV, influenza 
and malaria, by the attachment to Uie core of coat proteins for each of tiiese 
stimuli. 

25 

In a preferred embodiment, Uie multiple antigenic peptide system includes a T cell 
epitope. The T cell q)itope may be covalenUy linked in tandem to the peptide. 
By "T cell q)itope" is meant a pqjtide capable of eliciting a proliferative T cell 
re^nse. Preferably, the T cell epitope is at least seven amino acids long. 

30 

In related aspect, tiie invention features a method for eliciting an immune response 
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against HIV in a mammal. The method includes administering to the mammal the 
multiple antigen peptide system described above. 

Hie invention further relates to a vaccine which includes an immunologically 
5 effective amount of the multiple antigen peptide system described above. The 
invention also extends to a method for generating antibodies by admininstering to a 
mammal an antibody-goierating amount of the multiple antigoi peptide system of 
the invention. 

10 The scope and content of the invention will be better understood from a review of 
the detailed description which proceeds with reference to the following illustrative 
drawings. 

BRIEF DESCRIPTTON OF TFIE DRAWIl^GS 

15 

HGURE I is a schematic iepresentadon of MAP-P3C. 

FIGURE 2 is a graph of the mitogenie activity of the B1M-P3C: BAIB/c mouse 
spleen cells (3.3x10* cells/ml) were grown for 72 hr in the presence of B1M-P3C 
20 (■) or BIM <□). 24 hr before harvesting, cdls were i»ilsed vidth I ^Ci 
fmtbymidine. 

FIGURE 3 is a gr^h showing IL^2 production of lymphocytes primed with 
B1M-P3C. Splenoc^tes from mice immunized witii 50 ^g of B1M-P3C were 
25 cuitured in presence of Bl (■) or a control peptide from the malaria 
drcumsporozoite protdn [CAsn-Ala-Asn-'^)3MAPI (□). 

FIGURE 4 is a graph showing induction of HIV-1 envelope-specific CTL. Spleen 
cells from mice immuni2ed with B1M-P3C in liposome (A) or free (B)-were 
30 restimukted with BI. Cytotoxic activity was tested on P815 target cells alone 
(O), presensitized with a control pq)tide Tl derived from the C4 of gpl20, aa 
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429-443 (a), presensitized with Bl Q, infected with vaccinia virus WR (□) or 
with vacdnia virus v-env5 expressing gplSO Q- 

FIGURE 5 is a graph showing IgG subclass responses to i.p. inoculated BIM- 
5 P3C/liposome. Plates coated with Bl antigen and affinity purified alkaline 
phosphatase-conjugated antibodies directed against specific IgG subclasses were 
used. 



FIGURE 6 is a graph showing the cytotoxic response of T-cells derived from mice 
10 immunized with BlM-P3C/liposome. The ceUs were taken 5 months aftw the last 
boost and restimulated in vitro with the V3 peptide. CTL activity was assayed on 
untireated, or recombinant vaccinia virus (v-env5, containing the HIV-1 envelope 
gene of the BRU isolate) inffected target ceUs (P815), or cells preincubated witii Bl 
peptide (0.8/iM). 

15 

FIGURE 7 depicts tiie schematic structure of a lipoMAP in a lipid matrix. 

FIGURE 8 depicts the schematic rq)resentation of tiipalmitoyl cysteine conjugate 
of MAP bearing B2 peptides (B2M-P3C) witfi a disulfide linkage. 

20 

FIGURE 9 schematically depicts structural formulas illustrating (A) B-alanyl- 
lysine; (B) Asymmetrical MAP core (M) and symmetrical MAP core (SM). 

FIGURE 10 comprises a schematic rq>resentation of MAP conjugates containing 
25 (A) palmitoyl groups linked to the side chain of serines (B2SM-PS3); (B) I^Ser-D- 
Ser linker (B2SM-D-PL3); (Q zero to four palmitoyl lysines. 



FIGURE 11 comprises graphs showing the immunogenicity of MAP-PLs, varying 
the linker and of tfie lipophilic moiety. Antibody response induced in CD-I mice 
30 by tiie immunization witii B2SM-PL3 (•), B2SM-D-PL3, (o), B2SM-PS3 (a), as 
measured by ELISA. 
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FIGUSE 12 shows the mfluaice of increasing numbers of pabnitoyi side chain on 
the immunogenidty of B2SM-PLs. The antibody response vm measured by 
ELISA in the sera, of mice immunized with B2SM-PL2/liposomes (•), - 
PS3/Iiposome (a), -PL4/Iiposomes (•) or with the fipee constructs B2SM (x). 
5 B2SM-PU ( -), -PL2 (o), -PL3 (a), -VIA ( ). (A) antibody response against B2 
peptide; OS) against gpl20. 

FIGURE 13 comprises graphs illustrating the induction of anti-HIV CTL. 
Cytotoxic activity in the spleen ceHs of BALSfc mice immunized with B2SM-PL2 
10 free <A) or B2SM-PL2/nposome (B) was assayed on syngeneic P815 target cells 
coated with the antigenic pepfide (dosed symbols) or an untreated P815 cells (open 
symbols). 

FIGURE 14 comprises a istructurat depicdon of the preparation of tripalmitoyl 
15 (^tdne conjugate of MAP bearing &2 peptides (]KM-P3C) with a disulfide 
linkage. 

DETAILED DESCRIPTION 

20 In its broadest aspect^ the invention relates to multiple antigen peptide systems that 
include a lipophilic membrane anchoring moie^ that confers adjuvant properties 
among its advantages. The dendridc core and the multiplicity of antigens attached 
thereto, however, are the characterisdcs of the andgenic materials that the present 
invMfor and others have already developed. Accordingly, the following 

25 discusaon is.by way of bacl^und to the. ottent that the MAPS portion of the 
present system shares its origins with such previously prqnred materials. 

Multiple andgen peptide system (MAPS) is the commonly used name for a 
combination antigen/antigen carder that is composed of two or more, usually 
30 identical, antigenic molecules covalentiy attached to a doidritic core which is 
composed of bifuncdonal units. The dendritic core of a multiple antigen peptide 
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system can be composed of lysine molecules. For example, a lysine is attached 
via pq)tide bonds through each of its amino groups to two additional lysines. This 
second generation molecule has four free amino groups each of which can be 
covalently linked to an additional lysine to form a third generation molecule with 
5 eight free amino groups. A peptide may be attached to each of these ftee groups 
to form an octavaloit multiple peptide antigoi. Alternatively, tiie second 
generation molecule having four free amino groups can be used to form a 
tetia\^ent MAPS, i.e., a MAPS having four peptides covalentiy linked to tiie 
core. Many other molecules, including aspartic acid and glutamic acid, can be 
10 used to form the dendritic core of a multiple peptide antigen system. The 

dendritic core, and the entire MAPS may be convenientiy synthesized on a solid 
resin using die classic Merrifield syntiiesis procedure. 

Multiple antigen pqitide systems have many advantages as antigen carrier systems. 

15 Their exact structure and composition is known; the ratio of antigen to carrier is 
quite high; and several different antigens, e.g., a B cell epitope and a T cell 
q)itope, may be attached to a single doidritic core. When both a B cell epitope 
and a T cell epitope are present it is preferable tiiat they are linked in tandem on 
the same functional group of the dendritic core. Alternatively the T cell epitope 

20 and the B cell epitope may be on separate branches of the dendritic core. 

Preferably, tiie T cell epitope is a helper T cell epitope; however a cytotoxic T 
cell epitope may also be used. 

Useful T cdl epitopes may be dmved from tiie fflV-1 envelope piotdn. 

25 However, it is not necessary tiiat tiie B cell epitope and tiie T cell epitope botii be 
derived firom tiie HTV-I gpl20 envelope protein. T cell epitopes from different 
HIV-I proteins (e.g., those encoded by the nef^ gag, tat, rov, vif, pol, vpr, vpu, or 
vpx genes), different retrovirus, or unrelated organisms (e.g., malarial antigens or 
tetanus toxoid) may be used. T cell qjitopes can be identified by a T cell 

30 proliferation assay. 
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Multiple antigen pq)tide syst&as and m^ods for thdr prqiaration aredescnbed 
more fiiUy in PCT Publication No. WO 90/1177? and European Patent Publication 
No. 0 339 695, both of wliich are her^y incorporated by referaioe. 

5 As stated earHer^ the present invenfion extoids to the preparation of the multiple 
antigen peptide system herein including the internal adjuvant quality imparted by 
the macromolecular assemblage approach. The system so prepared may be 
formulated as a vaccine having a variety of advantages among them the ability to 
be adapted for both parenteral and oral administration. Accordingly, the invention 
10 extends to the prep^tion of vacdnes and thdr adtninistiation to prevent the 
development of viral in&ctkuis, and to elicit an immune response, and/or to r^se 
antibodies to sudi pathogens. 

As stated earfier, the invention also extends to the elidtation of an immune 
15 response in a host by the administration of compositions including the present 
multiple antigen pq>tide ^stem, as wdl as the immunization of a host by tiie 
administration of a vaccine prepared in accordance herewith. The present multiple 
antigen peptide system may fiirtiier be pr^ared with a variety of vehicles 
mcluding encapsulation within liposomes^ for greater efficiency of delivery and 
20 concomitantiy reduced dosage. The prq>aration of liposomes is well known in Uie 
art. 

The amplification that is charactdistic of the multiple antigen peptide, system of 
tiie present invention is made possible, by two synthetic components (Pig. 1)^ (i> A 

25 scaffolding consisting of an oHgomeiic branching lyane is used to amplify the 
peptide antigra 4-fold to give a: multimeric structure. Ttus covalent amplification, 
known as multiple antigen peptide iqrstem (MAPS), has been effective m inducing 
strong immune responses (12^13). (ii> A Hpophilic membrane^choring moiety at 
the carboxyl terminus of M^S qnables further noncovalent amplification by a 

30 liposome or micellar form. Such a macromolecular assemblage will amplify the 
MAP antigens many fold. 
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SeVCTal lipophilic moieties have been studied and are presented herdn. The first 
raoitioned and the one that .has proved particularly successful is the tripalmitoyl-S- 
glyceryl cysteine (P3C). P3C, which is a lipoamino add from Escherichia coU, is 
a B cdl mitogen, a nontoxic adjuvant, and can induce CTL in Wvo when 
5 covaloitly linked to a peptide antigen (14). 

In addition and as illustrated in Example 3 later on herein, palmitoyl lysine has 
also been prepared and tested with efficacy, and the invaition accordingly extends 
to the use of this lipophilic structure as well. 

10 

The antigen for the presenfly illustrated model is located in the tiiird variable 
domain (V3 loop) of gpl20, flie envelope glycoprotein of HIV-I, which is the 
piindpal target for vacdne devdopment against AIDS (4). The V3 loop of niB 
strain, amino add sequence 291-343^ contains an invariant disulfide bridge and a 

15 Qrpe-n B turn with the sequence Gly-Pro-Gly at its crest. Antibodies raised to tiie 
V3 loop neutralized the in ntro infectivity of HIV, and the principal neutralizing 
deteraiinant has bewi found to be centered at the B turn. Our previous studies in 
mice (15) have found that a 24-residue peptide of the V3 loop, referred to as HI 
(sequence 308-331) and SEQ ID NO: 12 in co-pending Application Serial No. 

20 07/744,281, contains the minimal sequence that consists of neutralizing and T- 
helper epitopes. In addition, this Bl sequence also contains a T-cytotoxic epitope 
(sequence 315-329) (6). As shown herein, a vaccine model using tfie pq)tide Bl 
by the macromolecular assemblage approach (referred to as Bl in a tetravalent 
MAPS (BIM format linked to P3C (B1M-P3C) induces spedfic antibodies against 

25 gpl20 that neutralize virus infectivity in vitro and elicits CTL in vivo. 

The following examples illustrate tiie preparation of vaccines in accordance with 
tiie invention, and further, present data confirming their utility. 



30 



EXAMPLE 1 
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Jn the foHowing expenmeats die preparation and comparative testing of a model 
vacdne based on the present invention is set forth. As a review of die fblldwing 
data will reveal, the vaccine raEhibited both improved humoral and cytotoxic 
activity. 

5 

Materials and Methods 

Synthesis of B1M-P3C . Synthesis was accomplished manually by a st^wise 
solid-phase procedure (16) on 9-flourenylmethoxycarfaonyI (Fmoc)-Ala-OCH^-resin 
(17) (0.3 mmol/g of resin). After ronoval of the Fmoc group by 20% piperidine 

10 in dimethylformamide, the Ala-rean was coupled to a premade unit of Fmoc-Lys 
(P3C) (I.I molar equivalent) via dicyclohexylcarbodiimide/ hydroxybenzotrizolein 
CH2CI2. The P3C was prepared as described (14, I8> and contained the 
configuration of N-paImitoylTS'-E2,3-bis(paImitoyloxy)-(2fiS)-Cpropyl)]-(/!)-cysteine. 
Two consecutive serines as a Unli^ were coupled fo the Lys(P3C) before adding 

15 the two levels of Fmoc-Lys^moc) to give a tetrabrandiing [Fmoc-LysCFmoc)!- 
Lys-Ser-Ser-Lys(P3C)-AIa resm. The protecting group scheme for the syntheds 
was as follows: Fmoc for the amino group and the tertbutyl side chain 
protecting groups for the trifunctional amino except Arg(Pmc) and Asn(Trt). 
Three equivalents of Fmoc-amino acid were used for each coupling by the 

20 DCC/HOBt method. Coupling was monitored by the qualitative ninhydrin test 
(19). Dq)rotection by 20% piperidine in DMF (10 min) was preceded by a 2-min 
wash. The completed peptide was cleaved from the resin by CFjC0^2% 
dimethylsulfide^# anisoIe/I% ethaneditliioL The MAPS pq)tides were purified 
by precipitations in CFaCCt^El/tertbutyl metityl ether. Similarly, synthesis of Bl 

25 . was accomplished by tiie Fmoc/terd)utyI strategy and tiie peptide was purified by 
ievers&-phase HPLC. All peptides gave satis&ctoiy amino add analyses. 

Preparation of positivdv (Jiarped liposome. 

Liposomes were prepared as described by Gregoriadis et al. ^0). Briefly, 56 mg 
30 of egg lecithin, 8.4 mg of cholesterol and 1.8 mg of stearylamine were solubiiized 
in CHCI3 in a 100 ml round bottom flask. P3C (0.24 mg) was added to liposomes 
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made with BIM. The or^ic solvait was removed under vacuum using a rotary 
evaporator to form a thin film of lipid on the wall of the flask. After drying, 
nitrogen was kept flushing in the flask for 10 min. Two millileters of 10 mM at 
pH 7.4, containing 2.5 mg of peptide, was added into the flask. Shaken manually 
5 for 10 min, the suspension was Uioi allowed to stand at room temperature for 2 
hr. nie resulting millqr solution was sonicated 45 min (Laboratory Supply, 
Indianapolis) until the solution became opalescent. After sonication, fiee 
B1M-P3C was separated from the Uposomes on Sepharose 6B; liposomes were 
then filtered on 0.45 urn filter and kept under nitrogen. 

10 

Immunization pro cedure and ETJSA 

Dunkin-Hartley guinea pigs (3 per group) were immunized subcutaneously with 
100 fig of peptide on day 0 and 14, and with 50 ng on days 30 and 45. They 
were bled two weeks after the last boosting. Control guinea pigs were immunized 

15 with the same protocol using a noncovalent mixture of BIM, P3C, and liposome. 
BALB/c mice (5 per group), 6 to 8 wedcs old, were immunized intraperitoneally 
four times with 1 to 100 ^tg of B1M-P3C at two to three weeks intervals and bled 
two weeks after the last boosting. Control mice were immunized with a 
noncovalent mixture of 50 ng of B1M,P3C and liposome. Antisera were used 

20 without purification. ELISA was used to test antisera for their ability to react with 
Bl (5 ng per well) or recombinant gpl20, mB isolate (0.1 ng per well) (Repligen, 
Cambridge, MA). 

Functional assays. 

25 Fusion inhibition assay was performed on CD4 positive cells CEM-T4 (ATCC) 
which were infected with either wild type WR isolate or recombinant vaccinia 
virus (vPE16 recombinant vaccinia vector expressing the HIV-1 envelope 
glycoprbtdn gpl60 of the IIIB isolate provided by Dr. B. Moss, obtained through 
the AIDS Research and Reference Reagent Program, division of AIDS, NIAID) at 

30 multiplicity of infection of 10. Antisera were added to the cultures 1 hr post 
infection and syncytia were counted 24 hr post infection (15). For CTL assay, 
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BAlBfc mice wesre immuiuzed with 100 fig of antigen. Three to dght weeks 
later, immunized spleoi cells (2.5x10^ per ml) in RPME 1640 medium/lQ% fetal 
calf senim/2 mM glutamine/SO /im2-mercaptoi^hanblA antibiotics (GIBCO), 
complete culture medium were restimulated for 6 days m vitro with 0.4 /xM of 
5 peptide B l in 24-well culture plates. 

The cytolytic activity of the restimulated cells was tested using a 4 hr assay with 
^'Cr-labded syngendc cdls PS15 (Hr2?)^. The taiget ceils were infected with 
vaccinia viruses v-&iv5 (recombinant vacdnia vims expressing the complete 

10 aivdope gene of HIV-1 was provided by Dr> S.-L, Hu) at mtdtiplidty of infection 
of 50, or pulsed with synthetic peptide (0.8 /iM for 2 hr at 37°C) prior to 
labeling. The % specific ^'Cr release was calculated as 100 x [(experimental 
release - spontaneous release)/(maximum release - spontaneous release)]. 
Maximum release was determined from supematants of P815 cdls lysed by the 

15 addition of 5% Triton X-lOO and spontaneous release from target cells incubated 
alone. SEM of triplicate cultures were all <5% of the mean. Neutialization 
assay by inhibition of the reverse transcriptase activity was performed as reported 
by Ho et al. (21) on HIV-infected H9 cdls. 

20 IL-2 production and B-cell proliferation . 

Splenocytes of mice primed intraperitoneally 10 days before with 50 /ig of 
B1M-F3C wo-e dispensed in 24 weU-plates at the concentiation of 4x10^ cells per 
well in complete culture medium. Peptides at various concentrations were added 
to the cdl suspension. Medium alone was added to other wdls to assess die IL-2 

25 jffoduction in absence of antigenic restimulation. After 36 hr incubation at ST'C, 
sup^natants were collected,^ centrifiiged, and added to IL-2 depoident c^touc 
T-lymphoid line (CTLL-2> to determine their IL-2 activity^ 

Briefly, 50 fd of supernatant was added to 50 nl of CTLL-2 suspension (8x10* 
30 cells per ml) in a g6-well microtiter plate. Cellis were harvested after one day 

incubation. During the last 5 hr of incubation, each well was pulsed with 1 /tCi of 
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pHjthymidine (1 d = 37 (3Bq). Results were expressed in units of IL-2 per ml 
(means of tripHcates) for each group. B-ceU proliferation assay was perfbmied on 
spleen lymphocytes grown for 72 hr in RPM 1640 medium/3.3% fetal calf serum 
glutamine/2-mercaptoethanoyantibiotics at a ceU density of 3.3xltf cells per ml in 
flat-bottom microtiter plates (0.2 ml per well). Antigens were added at the 
b^inning of the culture. Before harvesting, cultures were pulsed for 24 hr by 
adding 1 fiCi of pH] thymidine to each well. The results are as reported as means 
of triplicate determinations (standard errors were < 10% of the mean) of a 
representative experiment. 



Svnthesisnf RIM-P^r 

B1M-P3C (Fig. 1) was synthesized in two parts. (!) P3C was achieved in a 
solution synthesis in six steps according to WiesmuUer et al. (18) and linked to the 
15 side chain eamino group of Fmoc-Lys-phenacyl ester. The phenacyl ester 
protecting group was subsequently removed to give an isopeptide, Fmoc-Lys 
(P3Q. (ii) The synthesis of BIM which contained the Bl antigen and the lysine 
core matrix was achieved by the solid-phase method (13,16) with 
Fmoc-Ala-OCHj-resin (17). Fmoc-Lys(P3C) as a premade unit was first attached 

20 to the Ala-OCHz-resin, followed by a diserine spacer prior to the synthesis of a 
trilysine core matrix of MAPS and the Bl sequence. The design of linking P3C to 
the side chain of the lysine spacer (Ser-Ser-Lys) at the carboxyl terminus of the 
MAPS was intended to provide flexibility for the P3C to serve as a lipid-anchoring 
moiety without interfering with the antigen organization at the amino terminus. 

25 Because the secondary ester bond in P3C was labile to HF, the solid-phase 
synthesis was performed with the Fmoc chemistry (22) in combination with the 
Wang resin (17) so that the final cleavage could be carried out in a mild acid such 
as CF3CO2H. The synthesis, performed manually, was rigorously monitored for 
the completion of each coupling step (22) to avoid deletion peptides. B1M-P3C 

30 was obtained after TFA cleavage from the resin support and was purified by 
repeated precipitations. 
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The advantage of this dizect appioacih was Us simplidfy. Other unambiguous 
routes for the ptepaiation of B1M-P3C by the s^moit approach have also been 
developed QJ}, F3C in B1M-P3C allowed self aggregadon in aqueous solution 
and efficient incorporation in fiposomes. About 80% of B1M-P3C was found to 
5 be associated with liposomes while only 2% of BIM without P3C was found to be 
entrapped by liposomes. Both preparations of B1M-P3C in aggregated form in 
solution (BlM-P3C/free) or associated with positively-charged liposomes 
031M-P3C/liposome) w«ce tested in animals for humoral and CTL, responses. 

10 B-cdl mitog enic activity and humoral response of B1M-P3n . 

Mouse spleot cells were used to demonstrate that the mitogenic activity of the P3C 
was retained in B1M-P3C (Fig. 2). The mitogenicity was doserdqiendmt with 
increased incorporation of [%i-thymidine in spleen cells with escalated 
concentrations of .BIM-F3C. BIM without P3C did not show any mitogenic 

15 activity. 

The ability of BlM-P3C/Uposomeor ftee, without any adjuvant, to induce 
humoral response was studied in mice and guinea pigs. High-titered antibodies 
were found in sera from animals immunized four times with both preparations and 
20 treated with BI (linear pq)dde 308-331), BIM, or gpl20 in a EUSA assay, the 
data firom which is set forth in Tiable I, below. 
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Tablg 1 

Immune Response to B1M-P3C 
Antibody Titer 

10^' Inhibition 



Immunogen 


Peptide 


gpl20 


SvnrvHiiim 

formation** 


activity^ 


1 Mouse 










Control 


<0.01 


<0-01 


0 


ND 


Liposome 


10 


4 


20 


8 


Free 


4J 


2 


10 


8 


Guinea Pig 










Control 


6.8 


L2 


0 


0 


Liposome 


6.5 


3.2 


20 


8 


Free 


8.2 


3.3 


10 


8 



10 



EUSA titers represent the reciprocal of the end-point dilution (serum dilution at 
which OD is 0.2 unit). Mice were immunized with 100 fig of B1M-P3C, and 
control group were immunized with 50 /tg of a noncovalent mixture of 
BlM/P3C/Iiposome. 

20 »• Fusion inhibition titers are dilutions reducing the number of syncytial foci by 
90%. 

* NeutraUzation titers are the reciprocal of a dilution reducing RT activity by S7%. 

/ 

There was no significant difference between BlM-P3C/fiee or 
25 BIM-P3C/liposome, but there was a dose-response of titers with increasing 
immunizing doses. Titers from mice immunized with 100 fig of 
BlM-P3C/lipQSome were 2- and 4 fold higher than those immunized with 50 or 10 
Mg (data not shown). Both preparation? of B1M-P3C elicited antibodies in mice 
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and guinea pigs that showed abiKty to neutralize HIV as shown by the inhibition of 
synqrtia fonnatfon in vPEI^-infected cells and the levdrse tianscriptase activity of 
HIV nm-infected S9 cells CTable 1). Control mice immunized with a noncovalwit 
mixture of BlM/K3C/liposome did not develop detectable antitxxlies against Bl or 
5 gpl20. In contrast, this noncovaloit mixture elicited significant titers in guinea 
pigs. However, both sera of control mice and guinea pigs had no effect on the 
abiii^ to inhibit the syncytia formation or the revise transcriptase activity. 

Cytokine production and CTL response . 

10 B1M-P3C induced Ca34* T-helper cell response in immunizai mice OFig. 3>. IL-2 
activi^ was found in the supernatant of spleen cells restimulaied widi Bl. A 
control and unrelated pq}tide from the CS protdn [(Asn-Ala-Asn-Pro),MAP)] did 
not show any activity. Spleen cdls of mice immunized with B1M-P3C free or in 
liposome were assayed for their abiliQr to lyse target cells prdncubated with Bl or 

15 infected with vaccinia virus expressing gpl60. As shown in Fig.4, BIM-P3C, in 
liposome or free, dicited CD8+ CTL in mice against vaccinia virus infected cells 
(v-env5) and Bl peptideKXHted ceHs, The CTL reqwnse was mediated by CD8+ 
lymphocytes (unpublished work). 

20 EXAMPLE 2 

In the following experiments, further vaccines were prq)aied and tested both as to 
their preparation and as to thdr administration. The results are further 
confinnatory of the effectiveness and particularly of the adjuvant capability that 
25 die present system manifests. 

As discussed herein, the vaccine model (B1M-P3C) is designed to mimic the 
glycoprotdn gpl20 anduned on the virus^xtemal membrane. It contains four 
components (starting from die amino terminal of the construct) : four identical 
30 peptide antigens (aa 308-331), an oligolysine scaffolding (Lsy^ys), a spacer (Ser- 
Ser-Lys) and a hydrophobic moiety (P3C) attached to die Lys side chain of the 
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tripq)tide spacCT. Because of the hydrophobicity of P3C, B1M-P3C is able to 
aggregate in aqueous solution or anchored in liposomes to form a large 
tnaCTomolecular assemblage. Both preparations were tested in mice to show their 
efficaqr in Uie induction of antibodies and CTL response. 

5 

Materials and Methods 

BIM pq)tide was synthesized by stepwise solid phase synthesis on Fmoc-Ala- 
Wang resin. It was covalently linked to the premade P3C using 2 serine residues 
as a spacer (30). Liposomes were made following the method of Gregoriadis (20). 

10 BALB/c mice (5 each group) were immunized i.p. or s.c. vnlh 50 ng of B1M-P3C 
free or in liposomes (using phosphate-buffered saline as vehicle) and boosted tiiree 
times at 2 week intervals. Sera were collected 15 days after ttie last boost and 
tested in enzyme-linked immunosorbant assay (EUSA) using alkaline phosphatase 
conjugate-antibodies (Soutiiem Biotechnology) and p-nitrophenyl phosphate 

15 substrate (Sigma) as the detection system. Cytotoxicity assays were performed 
with the spleno<7tes of the immunized mice: 8x10^ cells/well were cultured in 
vitro witii Bl peptide (0.4 ^M) for 6 days. Effecter cells were tested in a standard 
4 h assay using Na2"Cr04 (New England Nuclear)-Iabeled target cells (5x10* 
cells/wdl). 

20 

The mouse antibody respodse after i.p. and s.c. immunizations was evaluated in 
EUSA as stiown in Table 2, below. 

25 
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Table 2 

Induction of Antibody and Cytotoxic Responses 



Antibody Response Cytotoxic Response*" 
(titor) (% lysis) 



10 



BlM+P3C+lipasome'^ 

B1M-P3C 

BlM-P3C%osome 



Intraperitoneal Immunization 



>100 
2000 
7000 



60 
80 



15 



Subcutaneous Immunization 



B1M-P3C 700 
BIM-F3C/liposome 460 



40 
98 



20 



* Mouse immune sera were tested in ELISA using peptide-coated micioriter plates 
and aU^line phosphatas&-conjU£at& antibody direct against mouse IgG. The results 
arc expressed as geometric means of the titers (redprocal of the serum dilution at 
25 whidi the absoibance produced by the immune serum is 0.2 units), 

^ Effecter T-cells were added to syngeneic aiget cells P8I5 coated by the Bl 
piefitide at E:T ratio of 15:1. The values represent the average of triplicate 
detorminations of a represaitative experiment. ■ 

' OontroL group immunized with BIM not covalenfly linked to the P3C lipopeptide 
30 and not entrapped in liposomes, 
'ND- not done 
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The results showed that the induction of anti-V3 antibodies depended on the route 
used for the immunization. . The i.p inoculation gave 3 to 15 fold higher response 
than S.C. inoculation. Furthermore, the antisera induced by i.p. immunization 
were neutralizing. Analysis of the antibody isotypes in the BlM-P3C/liposome 
5 immune sera (Fig. 5) showed that IgGl was by far the dominant subclass. This 
result is in agreemwit with other studies showing that envelope peptides are almost 
exclusively IgGl restricted. 

The cellular immune response induced by the two preparations was then analyzed. 

10 The murine splenocytes were restimulated in vitro and tested for their ability to 
lyse syngeneic target cdls preincubated with the V3 peptide (Table 2). In contrast 
to a significant difference in the humoral response induced by the i.p. or s.c. 
immunization, substantial CTL response was produced by dther route of 
immunization. In addition, a long-term T-cdl memory was induced, since there 

15 was no decrease in the cytolytic activity of the immunized mice 5 months after the 
last boost with BlM-P3Cy liposome. As shown in Fig. 6, the lysis of 
peptide-coated targets parallded that of gpl60-vaccinia infected cells, whereas no 
killing of untreated targets was observed. 

20 An important requirement for an ideal candidate vaccine is the capacity to induce 
T-cell responsiveness along with the samulation of antibody production (31). The 
above data shows the feasibility to elicit both humoral and CTL responses with a 
peptide-based MAP model (B1M-P3C), without the use of an extraneous adjuvant. 
The route of i.p. injection dicats in mice an antibody response stronger than the 

25 S.C. inoculation. B1M-P3C in liposomes also provide an usefiil formulation for 
presenting the antigen to the immune system. The rationale for anchoring 
B1M-P3C on liposomes was to mimic the external appearance of the virion, 
particularly of the surface protdn. Furthermore, the lipid anchor, P3C, serves a 
dual role, as a built-in adjuvant and a lipid-anchoring moiety. We also show that 

30 B1M-P3C induces a long-lasting T-cdl immunity. This result is encouraging since 
it overcomes problems associated with adjuvants such as alum, that do not 
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generate a good celluliaf response, and with vaccination protocols that do not lead 
to a lasting T-cell memoiy.. 

DISCUSSION 

Described herein: is the rational design of a totally synthetic peptide-based vaccine 
that induces neutralizing antibody and CTL as well as a vaccine that is safer and 
more versatile than a whole vkus or viial protein vaccine. As set forth above, a 
mactomolecular assemblage approach h used to produce a muMmeric form of 
peptide antigen, B1M-P3C, tiiat consists of a HpophiUc membrane-anchoring 
moiety covalentiy Unked to a MAPS core matiix and four dendritic arms of 
peptide antigens derived from tiie V3 loop of tiie gpl20 envelope pix)teitt of 
HIV-L Mce antisera against BIM-P3C neutralize the virus infectivily as shown 
by the inhibition of syncytium formation and reverse transcriptase, induce T-hdper 
response as shown by tile IL-2 production, and dicit CDS+ CTL that lyse 
syngeneic cells expressing gpI60 on flieir cell surface. Furthermore, tfie 
B1M-P3C produced long term T-cell memory as the CTL of the immunized mice 
remained undiminished 5 months after the last boost immunizsuion ^4). 

These results are particularly pertinent to the development of a synthetic vaccine 
against AIDS since the predominant vaccine stiiafegy has focused on neutralizing 
antibodies rather than cell-mediated immunity, which may be an equally dfective 
mechanism to overcome cell-to-cell virus transmission in HIV infection. Subunit 
protdn administered with a clinically accq)table adjuvant such as gel of aluminium 
or calcium salt is usually insufficient to elicit CTL response, particularly CDS+ 
xestricted as shown by the results of Qrentas et al. (25) who found CD4+ specific 
CTL by a gpl60 «ubunit vaccine. Subujiit vaccine expressed by live vectors such 
as vaccinia virus (26) may overcome this limitation but will need fiirtiier " 
development to define various adverse reactions in humans. The ideal vaccine 
may be eventually derived from the inactivated whole or attenuated virus, 
but the risk and long kLtenqjr assodated with the infection have so far limited the 
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enthusiasm for its development. 

gXAMPLE3 

In this example, the preparation and testing of an alternative lipophilic moiety is 
5 presented. Specifically, the lipophilic moiety was prepared from palmitoyl lysine 
(PL), and as reflected by the ensuing results, a structure comprising PL of 
alternating chirality was particularly effective. The details of the preparation and 
testing of the lipoMAPs based on this lipophilic moiety follow below. 

10 Materials and Methods 

Synthesis of MAP-nalmitovl lysine conjugates wit h svmmetriral core matrix 
fB2SM-Pl«. «=I^V 

The B2SM-P1R were manually synthesized by solid phase peptide synthesis on Boc 
Aln OCHa-Pam resin (17) (0.10 ramol/g) using a combination of Bbc and Fmoc 

15 strat^. Removal of the Fmoc group was carried out by 20% piperidine in 
dimethylformamide. Removal of Boc group was carried out by 50% TEA in 
dichloromethane followed by washing with dichloromethane and neutralization 
with diisopropylethylamine/dichloromethane/dimethylformamide (1:9:11). 
Couplings of amino acids (4 molar equivalents) were carried out with the coupling 

20 reagent HBTU/diisopropylethylamine in dimethylformamide. The stepwise 
syntheses were described below. 

Palmitovl lysine. After removal of the Boc group on the resin (Boc-Ala-OCHj- 
Pam-resin), one or more rounds of Fmoc-Lys(Boc) was coupled sequentially to the 
25 alanyl resin. The N'-Boc groups on Lys were then removed and the palmitic acids 
(6 molar equivaloits) wtte coupled by symmetrical anhydride method using 
dicyclohexylcaibodiimide (3 molar equivalents) to form Fmoc-[Lys(Pal)l,-Ala- 
OCHz-Pam-resin. 

30 Ser-Ser linker. The N"-Fmoc on the Lys(Pal) was then removed. Two 
consecutive rounds of Boc-Ser (Bzl) were coupled by the HBTU method. 
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Symmetrical MAP core. After the removal of Boc group on So-^zl), Fmdc- 
LysCBoc) was coupled. N-rFmoc group on Lys was removed and Boc-B-Ala (0.4 
mmol/g) was coupled to furnish the first level branching. Aftra- removal of Boc in 
Boc-fi-Ala-Lys(Boc), the above 5tq)s were repeated for a second levd branching to 
5 give a tetravalait MAP and two levels of ^metrical branching. Note, 0.8 
mmol/g of Boc-B-Ala was used in the second round of branching. 

Peptide antigen. The peptide antigen with the sequence, 
KSmiQRGPGRAFVTIGK, was coupled stepwise using the Boc/HBTU 
10 chemistry. The protecting groups for the trifunctional amino acids: Thr^zl), 
SerOSzl), Lys(aZ), Arg(Tos), For each coupling step, 1.6 mmol/g of Boc amino 
acids were used since the resin had been amplified from 0.1 mmol/g to 0.4 
mmol/g. 

15 Qeavage and workup. The resm (0.5g) was stirred in HF solution (0.3 mi of 
thiocresol, 0.7 ml of p-cresol and S>.0 ml of HF) at 0"C for 1 h followed by 
extraction with 8 M urea m 0.1 M Tiis-HCl buffer, pH 7.4. The oi:ganic 
scavengers were removed by dialysis against O.i M Tris-HCl buffer, pH 7.4 with 
decreasing urea concentration to 0 M in 24 hours. All synthetic MAP-PLs gave 

20 satisfactory results of amino acid analyses and mass spectroscopy (FAB or laser 
desorption). 

Synthesis of MAP^P3C with a disulfide linkape 

fP3C-Cys-OMel-f . To an ice-cold solution of tripalmitoyl-S-glyceryl cysteine 
25 (P3Q (0.91 g, 1 mmol), dimethylcystdne HCl (0.20 g, 0,6 mmol) and 

triethylamine (1^ mmol) in THF (5 ml), HOBt (0.14 g, 1 mmol) and DCC (0.23 
g, 1.05 mmol) were added. The solution was stirred at O^'C for 1 hr and at room 
temperature for 1 hr. Ethyl acetate (10 ml), chloroform (SO ml) and saturated 
NaHCX)3 were added» and the resultmg solution was then washed with 5% citric 
30 acid, NaHCOa and watar (3 ml each). After bdng dried over Na^SO* and 

concentrated, pure product (0.63 g) was obtained by recrystallization from hexane. 



W0 93A22343 



PCr/US93/04179 



25 

m.p., 77.0-78.0 C, Rf=0.90 (ethylacetate:hexane/3:7). 

P3C-CYs-0Me. To a degassed suspension of (P3C-Cys-OMe)2 (2.46 g, 1.20 
mmol) in chlorofonn, triethylamine (0.39 mLO and DTT (0.82 g, 5.20 mmol.) 
5 were added under nitrogen. The clear solution was stirred for 2 hr, washed with 
5% citric acid (3 x 25 ml) and water C2 x 25 ml), and dried over Nz^O^. The 
colorless solid was obtained (1.96 g 80% yield) by recrystallization from methanol 
and drying over PA under vacuum, m.p. 75-77"'C. = 0.76 
(ethylacetate:hexane/3:7) . 

10 

P3C-CY?fPys)-QMe. The solution of P3C-Cys-0Me in chloroform (10 ml) was 

added dropwise into the solution of 2,2'-dithiopyridine (0,95 g) and glacial acetic 

add (0.15 ml) in absolute ethanol (4 ml). The mixture was stirred for 20 hr. 

During tiiis period, the solution color turned yellow due to release of 2- 
15 pyridinetiiionoU The solution as concaitrated to about 3 ml and passed tfirough a 

silica gd column (efliylacetate:hexane/l:2 to 2:0). The first colorless fraction was 

tiie product (1.47 g, 72.3%), m.p. 68.0-69.0'C, Rr=0.78 

(ethylacetate:hexane/2:l). 'HNMR, 350 mHz (Fig. 10). "CNMR 350 mHz (Fig. 

11). Cald: C 66.55, N 3.70, H 10.04, S 8.46. Found: C 66.79, N 3.65, H 
20 9.90, S 8.,45, MS: m/z+ 1137. 

B2M-CysrP3r-Cvs-OMe)-A)a. B2M-Cys(Acm)-Ala-Pam-resin was synthesized in 
Fmoc/TFA chemistry as described above. Tlie protecting group acetamidometiiyl 
(Acm) on the cystdne was removed witii Hg(OAc)2 on tiie resin as described (12). 

25 The B2M-Cys-Ala-Pam resin (10 fiml) in chloroform/propanol (4: 1, 8 ml) 
reacted wiUi P3C-Cys(PyS)-0Me (45 mg, 40 /zmol) in tiie presence of 
trietiiylamine for 24 hr. The ydlow by-product 2-pyridineUiiol released 
quantitativdy (UV 343 nm, e=8080), which was used to monitor tiie reaction. 
The unreacted P3C-Cys(PyS)-OMe was recovered in the washings with methanol. 

30 The yield was 33 to 54%. Satisfactory results of amino acid analyses were 
obtained after oxidization of cystdne witii performic acid. The product was 
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punfied through gel filtration (Sephadex G75) or directly used for preparation of 
liposomes, since unreacled MAP peptide did not incorporate into liposomes and 
was s^arated by gel filtration later. 

5 Preparation of liposomes 

MAP-PLs were incorporated into liposome with detergent-dialysis method (13). 
In a round-bottle fla^, phosphatidyl choline (5 mg), cholestraol (5 mg) and 
octylglucoside (100 mg) were dissolved in about 1 ml of acetone and evaporated 
under nitrogen. The residue was r&<iissolved in diethyl ether and re-evaporated to 

10 form a lipid film on the glass wall. A detergent solution (23 mg of octylglucoside 
in 5 ml of 0.30 M NaCt aqueous solution) containing 0.5 mg of MAP-PLs was 
added to the diy Iqtid film and dispersed with vortodng. The resulting clear 
liquid was dialyzed for 36 hr against diree 2-lita: changes of PBS (pH 7.4). 
Purification of liposome monitored at 225 nm was carried out by gel filtration on 

15 sterile Sq)hadex G-I50 with PBS. 

Immunization procedure 

Outbred female CD-I mice or inbred female BALB/c mice (Jackson Laboratories, 
Bar Harbor, Maine) were injected intraperitoneally witii 50 /tg of die antigen, fi:ee 

20 or in liposomes, using phosphate4>uffeFed saline as vehicle, for three times at two 
week intervals. Sm were collected fifteen days after the last boost The antibody 
response was analyzed by ens^me-tinked immunosorbent assay (ELISA) using 
plates coated with B2 p^tide (5 (ilg well) or gpI20 (1 >g/well), kindly provided 
by Dr. A. Profy CRq>ligen). Serial dilutions of the sera were added to the wdls 

25 and the bound antibodies were detected using goat alkaline phosphatase-conjugate 
antibody (Sigma) and p-nitrophenyl phosphate substrate (Sigma). 

Cytotoxicity Assay 

Spleen cells from the immunized BALB/c mice were cultured in vitro for 5 days in 
30 RPMI 1640 medium supplemented with 10% fetal bovine serum, ZmM glutamine, 
5 xlO'^ M 2-mercaptoedianol and antibiotics) in presence of B2 pepdde (0.4 /tM). 
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The cytotoxic activity was tested in a 4 hr assay against "Cr-labeled syngeneic 
P815 cells untreated or preincubated with B2 pq)tide (0.8 nM). The percentage of 
specific "Cr rdease was calculated as 100 (experimental release - spontaneous 
release)/(maximum rel^se - spontaneous release). Maximum release was 
5 determined ftpm supematants of P815 cells lysed by the addition of 5% Triton X- 
100 and spontaneous rdease from target cdls incubated alone. 

RESULTS 

10 Synthesis of MAP-PLs conjnp yfes 

The basic design of the model used for our study in shown in Fig. 1 . It consisted 
of four components: an antigen, a core matrix, a hydrophilic linker and a 
lipophilic carboxyl end. The sdected peptide antigen for this study was an 18- 
residue peptide, KSIRIQRGPGRAFVTIGK (sequence 312-329, referred to as 
15 B2), which is derived from the third variable domain (V3 loop) of gpl20, the 
envdope glycoprotein of HIV-1 strain mB (4). This 18-residue sequence indudes 
T-hdper and T-cytotoxic epitopes (6) and has been shown to dicit excdlent 
antibody titers in mice using the MAP system in Freund's adjuvant (16), or as a 
covalent conjugate with the P3C in liposomes (32). The branching core matrix 

20 was made by three units of B-alanyl-lysine. Since 8-alanyl-lysine contains amino 
groups nearly equal in distance from the a-carbon of the lysine, the resulting core 
matrix is nearly symmetrical. It may also have the advantage of greater flexibility 
tfian the conventional asymmetric core matrix consisting only of lysine. The 
carix>xyl end of the core matrix contains a hydrophilic dipeptide linker, Ser-Ser, 

25 followed by a series of palmitoyl lysines which are used as anchors to tiie lipid 
matrix. From molecular modding study (Quanta, Silicon Graphic), these 
palmitoyl lysines are best positioned in alternating chirality (D or L) so tiiat Uie 
Upid anchors are in paralld orientation required for inserting into liposome 
membrane. 

30 

The synthesis of tiiese modds was carried out stepwise by die solid-phase method 
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and was not much different firom the methodology that our laboratory first 
reported for the preparation of MAP systems. Since the conjugations of all parts 
" in &ese MAP-RLs are anride bonds, they can be synthesized stepwise as a 
complete unit by tbs MenMdd solid phase mediod using a coinbination of Boc 
5 and Fmoc chemistiy. The lipophilic carboxyl peptides could be built by two 
methods. In the first method, palmitoyl lysine was incorporated as Boc- 
Lys(Fmoc) and then the Fmoc group was removed so that palmitic acid was 
conjugated to the side chain. Altonativdy, the palmitoyl lysine could be premade 
in solution chemistry and incotporated as a. single unit, 

10 

Next, to form the core matrix, fi-Ala-Lys vm incorporated sequentially as Finoc- 
Lys^oc). Deprotection of the Fmoc and incorporation of the Boc-B-AIa produced 
the desired fi-Ala-Lys unit on flie reans. Agun, a premade dipeptide of Boo-B- 
AlarLysCBoc) cotdd be incorporated as a single unit to reduce several repetitive 

15 steps in solid phase manipulations. Once the core matrix was completed, the 
antigens to be amplified fourfold were synthesized sequentially to produce the 
desired model. The MAP-PLs containing antigens and palmitoyl lysine were 
cleaved fix)m the resin, extensively diatyzed against decreasing concentrations of 
urea-buffer solution and then purified by gel permeation chromatography. The 

20 products showed the expected amino add ratio by amino acid anadysis. Seven 
MAP-PL5 were prqjared to investigate the various structural contributions to 
immunogenid^ (Figure 4) . 

Immunopenidtv of MAP^PLs m liposomes 

25 Since MAP-PLs were devdbped as a ampfe replacenient of P3C, a lipoN^ 
modd containing three palmitoyl lysine substitutions, B2SM-PL3, a MAP 
conGaining four B2 peptic and tiiree palmitoyl lysines on a symmetiical core 
matrix figure 5C) was tested as a prototype. The humoral response elicited by 
B2SM-PL3 in mice was analyzed by ELISA. Immunization with B2SM-PL3 in 

30 liposomes (B2SM-PL3/lip) elicited antibody response, while B2SM-PL3 alone was 
not immunogenic CFigure 5). Furthermore, the response of PL3 was specific, since 
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the same construct with palmitic adds conjugated on the serine side chains such as 
B2SM-PS3 (Figure 5A) elicited significantly lower titers than B2SM-PL3 (Figure 
5). 



5 An important question was wheflier the lipid side chains served solely same as a 
dqx)t and required a lipid matrix for its correct presentation. The immunogenicity 
of B2SM-PL3 was then compared in different aqueous and oil-based formulations. 
In PBS or alum, no significant antibody response was obtained. Only in oil- 
emulsion or in Uposome, did B2SM'PL3 produce significant antibody response 
10 (Table 3). 



Effect of the linter 

A hydrophilic Ser-Ser linker (18) was inserted between the amino antigen-coie 
matrix and carhoxyl lipophilic palmitoyl lysines. Such a linker could exert 
15 conformational influence on the overall presentation of our models. To test its 
conformational influoice of MAP-PLs, we compared tiie linker LrSer-L-Ser with 
L-Ser-D-Ser in the B2SM-PL3 and B2SM-D-PL3 models, respectively (Figure 
4B). 

20 Witii L-Ser-I^Ser as the linker, we envisioned that this linker would allow the 
antigens to be extruded from the lipid maUix. However, L-Ser-D-Ser imparts a 
reverse turn to the conjugate and we envisioned such a turn might cause tiie lipid 
portion containing the palmitoyl lysines to fold back to tiie antigen-core matrix, 
leading to a completely different presentation of antigens in the liposomal matiix. 

25 Indeed, B2SM-PL3 in liposomes was immunogenic, while B2SM-D-PL3 which 
CMitained the L-SCT-D-Ser linker was weakly immunogenic after three 
immunizations in mice (Figure 5). 



30 



Effect of nu mbers of palmitovl side p,hain 

The immunological responses of B2M-PL3 containing three palmitoyl lysines was 
in general not as good as B2M-P3C containing Uiree palmitic acids on a cysteine. 
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Howevor, an inh«ent advantage to the desi^ of our lipoMAP models was the 
flexibility to incorporate different numbexs of lq>id palmitoyi side chains as 
paimitoyl lysines. To investigate die effect of an optimal numb« of lipid side 
diains on immunogenicity, we prepared five models of B2SM containing 0 to 4 
5 paimitoyl lysines, B2SM, B2SM-PL1, B2SM-PL2, B2SM-PL3 and B2SM-PL4 
(Figure 4C). 

B2SM-PLs were used to immunize mice alone or incorporated in liposomes. 
Three of the five models containing 0, 1 and 4 paimitoyl lysines, B2SM, B2SM- 

10 PLl and B2SM-PL4, showed no or very low responses after four, immunizations. 
In the ptesoice of liposomes, virtually no incorporation was observed in the case 
of B2SM without PL. We found that B2SM-PL1 viath a angle %id anchor was 
very pHoorly incorporated in the liposomes, and it was very difRcult to reach a final 
. concentration of 50 /tg of peptide bound to liposomes needed for the 

15 immunization. The mice were thraefore immunized with B2SM'-PLZ (two 
paimitoyl lysines), B2SM-PL3 (three paimitoyl lysines) and B2SM-PL4 (four 
paimitoyl lysines) in liposomes or as free constructs, while B2SM (without 
paimitoyl lysine) and B2SM-PL1 (one paimitoyl lysine) were immunized only as 
free constructs. The best response was obtained from B2SM-PL2/liposomes. As 

20 determ ined by BUS A against the gpl20 peptide figure 6A) and the native protein 
(Figure 6B), B2SM-PL2 elicited higher titers than B2SM-PL3. B2SM-PL4 was 
not immunogenic. No antibody response was detected in the mice immunized with 
the same concentrations using the fise B2SM-PLs, 

25 Induction of cytotoxic T lymphocytes fCTLsY 

We then turned our attention to the induction of CTLs which is an important 
contributor to the immunity agdnst viial infections. Recoitiy, several groups have 
demonstrated in wm CTLs priming with pqptides or soluble proteins. A common 
feature in these preparations was the presence of lipophilic moieties attached to 

30 pq)tides (14) or the use of hydrophobic adjuvants, such as Freund's adjuvant or 
ISCOMs (9,33,28). To assess the induction of CTL response after immunization 



wo 93/22343 



PCr/US93/04179 



31 

in our lipoMAP system, spleen ceUs of the immunized mice weife tested for their 
abiUty to lyse P815 syngendc target cells sensitized with B2M peptide. Induction 
of CTL response, following immunization with the MAP-PL system, was analyzed 
in BALB/c mice (Figure 7). Strong cytolytic activity was found in the spleen of 
5 the animals immunized with B2SM-PL2 free or in liposomes, indicating that 
immunodominant cytotoxic epitopes can be coupled to the palmitoyl lysines to 
raise CTLs in vivo. 

Comparison with B2M-P3f ;. 

10 Previously, we have synthesized B2M-P3C, in which P3C was conjugated to the 
side chain of lysine at the carfaoxyl termins, and found that it elicited both humoral 
and CTLs when incorporated in liposomes (34-36). However, such synthesis of 
B2M-PC3 using the linkage to the side chain of lysine lacked flexibility. We 
therefore developed a modular approach (Figure 8) to the synthesis of B2M-P3C 

15 using the thiol side diain of cysteine. It was synthesized by conjugating B2M 
whfle U was stiU attached to the resin to P3C by a disulfide Unkage in tiie solid 
phase (Figure 9). The MAP containing a qrsteinyl residue at the carboxyl 
terminus and was then conjugated to a Cys-P3C containing a thiopyridine residue. 
The advantage of conjugating in the solid phase was that all side products and 

20 excess reagents could be removed by washings. The yield of the reaction was 33- 
54%. However, those B2SM lacking P3C were removed during dtiier the gel 
permeation chromatography or tfie incorporation to liposomes. The immunological 
characteristics of tiie modular B2M-P3C was compared wiUi tiiose of the new 
model of B2SM-PL2 and B2SM-PU. The results are shown in Table 3, below. 

25 

TABLE 3 

Comparison of B2SM-PT.3 and B2M-P:^r 

Titers (10^) 

30 P2SM-PL2 B2SM-PO B2M-P3C . 

PBS <0.1 <0.1 2 
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Alum ND <0.1 40 

Oil emulsion ND 20 2.2 

liposome 2.0 IJ I 

5 DISCUSSION 

The task of transforming a synth^c peptide antigen into a self-sufficient 
immunogen capable of eliciting both humoral and cdl-mediate responses is 
challenging. Our results show that the new lipoMAP system with appending, 
10 dendritic PLs in a lipid matrix such as liposomes may provide a usefiil solution. 
The new system may also be used to further our understanding of immunogenicity 
and the roles played by the adjuvants. 

Adjuvants are known to induce nonspecific B or T-cell proliferations by the 
15 induction of cytokines (37), They may also provide a depot for the slow release 
of ttie peptide antigens (38). The lipid chains on the lipoMAP appear to provide 
one or more of these roles. However, it remains to be determined whether the 
PLs in our lipoMAP play a role to induce cytokines. Our preliminary results have 
shown that MAP-PLs are not B-cdl mitogens (data not shown) and differ from 
20 P3C in this aspect. 

The advantages of a built-in adjuvant on a pqptide antigoi have been shown by 
Chedid and his co-workers 09-4V) using derivatives of the muramj^ dipeptide, a 
componrat of the Fieund's adjuvant. Lipid moieties have been used as covalent 

25 attachment to the amino taminus, mainly for the purpose of increasing the ability 
of the pq)tide antigen to serve as a dqx>t (42-43,48). We have found that adding 
lipid moie^ to the antigens often alters thdr immunogencity and have sppioached 
this probion in a syrstematic manner in the design of the UpoMAP system. First, 
we examine the role of a more flexible core matrix containing a fi-alanyl lysine as 

30 a building unit which will provide less static crowding than that using lysine 
alone. Howeverj the difference of the conventional asymmetric or the new. 
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symmetrical core matrix to improve the presentation of epitope peptide and hence 
to enhance the antibody response does not appear to be an important factor. We 
have found that there is essentiaUy no difference in immune response using either 
core matrix in our model with three PLs (43). 

5 

The hydrophilic linker Ser-Ser appears to be important since the use of the Ser-D- 
Ser iinko: which orients the lipid portions of the compound differently did not 
provide the desired immunogenicity. The role of lipid as depot appears to be 
important since B2SM-PL3 in alum or PBS alone did not result in any significant 
10 immunological response. Only those B2SM-PU in liposomes (34-35) or in oil- 
emulsion (36) induce significant antibody re^xmse. 



We next tested the number of lipid side chains. The optimal number appears to be 
two. This structural similarity is important for the incorporation and rigid 

15 orientation of MAP-PLs on liposomes. The low response of B2SM-PL1 may due 
to its inabiUty to anchor in liposomes whUe B2SM-PL3 and B2SM-PL4 have lipid 
tails crossing each other as shown by molecular simulation. The stereospecific 
requirements of lipid attachments in Lipid A have been clearly shown by Shiba 
and his coworkers who have found that altering the number or chirality of the lipid 

20 side chains of Lipid A leads to less potent molecules. Similarly, Jung and his 
coworkers have shown that the chirality (and the orientation) of the palmitoyl side 
chains of P3C is important for mitogenicity. These results imply tiiat the design 
of lipoMAP may require to take into consideration the specific conformation of 
lipid side chains in addition to the presenting peptide antigens on tiie surfaces of 

25 liposomes. 

FinaUy, we have also focused our design on die ability of tiie peptide antigen to 
elicit CTLs. We have found tiiat tiie attachment of PLs with or without the aid of 
liposomes can induce CTLs capable of killing syngeneic cells expressing gpl20 on 
30 their cell surfeces (37,45-47). These results show that the processing of B- and T- 
cell antigens have different requiremoits. More importantiy, it shows the 
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versatility of lipoMAP to elicit bofli humoral and cell-mediated responses. The 
simplid^ in ttie dedgn of the UpoMAP and its versatility may be a useful tool for 
many mec^ianistic investigations. 
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I. Grey, H.M. & Chesnut, R. (1985) //nmwno/. 7VM/fly 6:101-106. 

10 2, Townsend, A.R., Rothbard, MJ., Gotch, F.M., Bahadur, G., Wraith, D. 
& McMichad, A (1986) CeU 44:959-968, 

3. Unanue^ EJR. & Allen, (1987) Science 236:551-557. 

4. Rohey, W., Artfiur, L., Matthews, T., Langlois, A., Cqpeland, T., 
Lerche, N., Qroszlan, S., Bol()gnesi» D., Gilden, R. & Fischinger, P. 

15 (1986) Proc, Nad, Acad. Sci. USA 83:7023-7027. 

5. Javahocian^ K., Langlois, A., McDanal,. C, Ross, K., EcMer, L., Jellis, 
C, Profy, A.; Rusche,, J,, Bolognesi, D., Putney, S. & Matthews, T, 
(1989) Proc. Natl. Acad. Sci. USA 86:6768-6772. 

6. Takahashi, H., Merli, S., Putney, S J)., Houghten, R., Moss, R., 
20 Germain, R.N. & Berzofslq', J.A. (1989) defence 246:118-121. 

7. Lemer, R. A. (1982) Nature 299:592-596. 

8. DiMarchi, R., Brooke, G., Gale, Crackndl, V., Dod, T* & Mowat, 
N. (1986) Science 232:639-641. 

9. Mordn, B. (1988) Nature (London) 3^2:287-288. 
25 10. AIving,C.R. (1987) iVam;«|Io/aton; 330:189-190. 

II. Warren, H.S. & Chedid, L.A. (1988) CRC Critical Reviews in Immunology 
»:83-101. 

12. Tam, J. P. (1988) Proc Nad. Acad. Sci. USA 85:5409-5413. 

13. Posnett, D. N., McGralh, H. & Tam, J. P. (1988) /. BioL Oiem. 263: 
30 1719-1725. 

14. Deres, K,, Schild, H., WiesmuHo-, K-H., lung^ G. & Rammensee, H. 



wo 93/22343 PCr/US93/04179 

35 

(1989) Nature (London) 342:561-564. 

15. Narddii, B„ Lu, Y.A., Ddbort-Ddpierre, C, Shiu, D.R., Profy, A.T. & 
Tam, J.P. (1992) J. Immunol, in press. 

16. Merrifield, R. B. (1963) 7. Am. Chem. Soc. 85:2149-2154. 
5 17. Wang, S. S. <1975) J. Org. Chem. 40:1235-1239. 

18. WiesmuUer, K.H., Bessler, W.G. & Jung, G. (1983) 
Hoppe-Seyler's Z. Physsiol. Chem. 364:593-606. 

19. Sarin, V. K., Kent, S. B. H., Tam, J. P. & Merrifield, R, B. (1981) Anal. 
Biochem. 117:147-157 

10 20. Gregoriadis, G., Leathwood, P.D. & Ryman, B.E. (1971) Febs Letters 
14a):95-99. 

21. Ho, D.D., Samgadharan, M.G., Martin, S.H., Schooley, R.T., Rota, 
T.R., Kennedy, R.C., Chanh,T.C. Y Sato, V.L. (1987) J. Virol. 61: 
2014-2038. 

15 22. Atherton, E., Gait, M.J., Shqipard, R.C., & WUliam, B.J. (1979) Bioorg. 
Oiem. 8:351-361. 

23. Lu, Y.A., Clavijo, P., Galantine, M., Shen, Z.Y., Liu, W. & Tam, J.P. 
(1991) Molecular Immunol 28:623-630. 

24. Nardelli, B. , Defoort, J.P. , Huang, W. & Tam, J.P, (1992) AIDS Res. i& 
20 Human Retroviruses in press. 

25. Orentas, R.J., Hildreth, J.E.K., Obah, E., Polydefkis, M., Smitli, G.E., 
Clements, M.L. & SiUciano, R.F, (1990) Sdence 248:1234-1237. 

26. Hu, S.L., Kosowski, S.G. & Dalymple, J. (1986) Nature (London) 320: 
537-539. 

25 27. Clarke, B.E., Newton, S.E., Carroll, A.R., Francis, M.L, Appleyard, G., 

Syred, A.D., Highfidd, P.E., Rowlands, DJ. & Biown, F. (1987) Nature 

(London) 330:381-383. 
28. Takahashi, H., Takashita, T., Morein, B., Putney, S., Germain, N. & 

Berzofsky, J. A. (1990) Nature 344:873-875. 
30 29. Lowell, G.H., Ballou, W.R., Smith, L.F., Wirtz, R.A., Zollinger, W.D. 

& Hockmeyer, W.T. (1988) Science 240:800-802. 



36 

Drfoort, J.P., Narddli, B., Huang, W., Shiu, Ho, D., & Tsm, J.P. 

(1992) Fmc. Natl. AatcL ScL OSA 89:3879-3883. 

Brenan, M. (1983) Jhimwiat Today 4:319-320. 

Deftjort, J.-P., Naiddli, B., Huang, W.» &Tam, J.P, (1992) Int. J. 

Peptide Protein Res. 40:214-221. 

Schultz, Zinkemagd, R.M,, & Hergaitner, H. (1991) Proc Natl Acad. 
ScL USA 88:991. 

Gregoriadis, G. (1990) Immunol. Today ll(3):89-97. 
Allison, A.C., & Gr^iiadis, G. (1974) Nature (London) 2^:252. 
Pjde, S,W., Moran, B., Bess, J.W., Jr., Akeiblom, L., Nara, P.L., 
Nigidk, S.M., Jr., Lerche, N.W:, Robey, W.G., Fischinger, PJ., Arthur, 

(1989) Vacdne 7:465-473, 
Vitetta, E.S., Bos^, A., Femandez-Botian, R., Myars, CD., Oliver, 
K.G., Saners, V.M., Stevens, T.L. (1987). Jmmmol Rev. 99:193-239. 
Bdeiman, R. (1980) Rev. JttfecL Dis. 2:370-383. 
Audibert, P., Leclerc, C, Chedid, L. (1985) Muramyl peptide as 
immunopharmacological response modifiers. In Torrence, P.P., ed. 
Biological Response Modifiers: New Approaches to Disease Intervention. 
New York: Academic Press, 207-327. 

Ho, R.J.Y., Burke, RJ., Ott, G., Merigan, T.C. (1989) J. Virol. 
fi3(7):2951-2958. 

Bdo, J., Saild, L, IsMia, G., Azuraa, I. (1989) Vflccine. 7:225-228. 
Kenney, J.S., Hughes, B.W., Masad, M.P., Allison, A.C. (1989) /. 
Immunol: MeA, 121:157-166. 

Huang, W. In Peptides: Chemistry and Biology (Proceedings of the 12th 
American P^tide Symposium)^ 

Finberg, R., Mescher, M., Burakoff, S.J. (1978) The induction of virus- 
specific cytotoxic T lymphocytes with solubilized viral and membrane 
proteins. /. Bcp. Med. 148:1620-1627. 

Abbas, A.K. (1987) Cellular interactions in the immune response: The 
roles of B lymphoqrtes and interleukin-4. Am. J. Pathol. 129:25-33. 



wo 93/22343 PCT/US93/04179 

37 

46. Buus, S., Sette, A., Grey, H.M. (1987) The interaction between protein- 
derived immunogoiic pq)tides and la. Immunol Rev. 98:115-141. 

47. Babbitt, B.P., Allen, P.M., Matsueda, G., Haber E., Unanue, E.R. 
(1985). Binding of immunogenic peptides to la histocompatibility 

5 molecules. Nature 317:359-361. 

48. Bymestad, K., Babbitt, B., Huang, L., Rouse, B.T. (1990) Influence of 
peptide, acylation, liposome incorporation, and synthetic immunomodulators 
on the iramunogaiicity for subunit vaccines. J. Virol. 64(2):680-685. 

10 This invention may be embodied in other forms or rarried out in other ways 
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WHAT IS CLAIMED TS; 

1 1. A mult^Ie antigoi peptide system comprising a dendritic core to which are 

2 covalently attached at least one peptide and a lipophilic monbrane anchoring 

3 moiety^ whodn said multiple antigen peptide system exhibits adjuvant properties 

4 and when injected into a mammal, is capable of eliciting both a humoral and a 

5 cytotoxic T lymphocyte immune response. 

1 2. The multiple aiitigai pq>tide system of claim 1 wherein said lipophilic 

2 membrane andioring moiely comprises a lipoamino acid. 

1 3, The multiple antigen p^tide system of claim 2 wherein said lipophilic 

2 membrane anchoring moie^ comprises a lipoamino acid is selected ixom the group 

3 conasting of c^stdne, lysine, serine and mixtures. 

1 A, The multiple antigen pq)fide system of daim 3 wherein s^d lipophilic 

2 membrane anchoring mdety comprises tripalmitoyl-S-glycerylcysiduie. 

1 5. The multiple antigen peptide system of claim 3 wherein said lipophilic 

2 membrane anchoring moiety comprises dipalmitoyl-S-glycerylcysteine. 

1 6. The multiple antigoi p^tide system of claim 3 wherein said lipophilic 

2 membrane anchoring moiety comprises pahnitoyl lysine (PLJ- 

1 7. The multiple antigen peptide system of daim 1 wherdn said syston is 

2 encapsulated wiQiin a liposonie. 

1 8. The multiple antigen peptide system of claim 1 further comprising a 

2 covalenfly attached T cell q)itope. 



1 9. The multiple antigen pq)tide system of claim 8 wherein said T cell epitope 
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2 is covaloiUy lin^ in tandean to said pq)tide. 
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1 10. The multiple antigen peptide system of claim 1 wherdn said dendritic core 

2 includes lysine. 

1 11. The multiple antigen peptide system of claim 1 wherein said dendritic core 

2 is tetravalent. 

1 12. The multiple antigen peptide system of claim 1 wherein said peptide is 

2 between 10 and 40 amino adds long. 

1 13. A method of immunizing a mammal to inhibit HIV infection, sdd metiiod 

2 comprising administering to ssdd mammal tiie multiple antigen peptide system of 

3 cl^ 1. 

1 14. A metiiod for eliciting an immune response against HIV in a mammal, said 

2 metiiod comprising administering to. said mammal tiie multiple antigen peptide 

3 system of daim 1. 

1 15. A vaccine comprising an immunologically effective amount of Uie multiple 

2 antigai pq)tide system of claim 1. 



1 
2 
3 



16. A method for generating antibodies in a mammal, said method comprising 
administ^ng to said mammal an antibody-generating amount of the multiple 
antigen pqitide system of claim 1. 
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